Slasdl owlils foun § adxo
Journal of Economic Geology S e e ) A2

Vol. 7, No. 2 (2015-2016)
ISSN 2008-7306

(T od adlaio o YL a2 0,0 Al Hlop gl b pudly Sl 09 g cs'“’l"""u*")
ub.mpg.b 9 uL\.m..\.m QL‘.:..M

(1394 JL) 2 o )leis T >

P, 3 ! Ex
KA A 341 b 327 clmio

O g 9 ¥ (oo Sy

ol Ol o9 plo oKails (pulidpenj 09,5
1393/8/5 : s 3, 1392/8125 il s

3l Szl 5 ol i (8 75yt 3 €38 plited Jlad 5 iogk 35 bl s gy ailiie Jopsaliss (sla bl
i S 1y g 45y s (S o555 558 (el o S 51 (SrsS iy anllan 0,90 i
ashis o lopsslog a sl o yiile YU 59> 0,0 axli aS cosl ools (jlis 7928 adlaie o Joadians § Slade SBLLS]
5 4 VL, 3552 0,5 4l ol (sla bl sole S eilite IS sl 5 505 il n sloasly ol 5
55 sl 4l e calilanil o el 5 Gagell (S g 5mslS 0adle S5 ST Jolis 23l G
YU 3892 0,0 aml Jlopgilond Olgw, (X Jidu a5 doo oo lid 23l G Oldlhae el oals (S8 Ko slaasls
Cialsl G55 503 Gliee (ot )0 H90> (S5 lade a5 il 5 Sg) CoitiSegilind leslS 5 Cenl Coalil el RV
4o Cawdral 50 g oS oo oy (iol381 58 a8 lie jole S 5l ablols Gial B L aS aeo e HLiS uizen lailBog, Dlguw, 4o
Sl 9 5 S0V Sex 03 4l Jlapanlis slarudly 45w se (LS (culidiine; Saled ) oo 395 ke SSTas

il oS3 Vi S 5z ils0g) s 50 LT (i aliad 5 35503 5 lopssilis SlesdlS sl (295 jobe (sleSiw

e Y 59> 0,0 iCocials]  lypailis glo pudl  godS ojlg

W5 518 ey s 53 4T gl ) g w2l e
ot @loe Loyl g (o 5l Gl 1 s Ceul (Ses
olie ol el (b DIl 55l (sleSaw (s
S gl Ll g (05 ) oS (SLS
Morley, 1982; MacDonald, 1983; Williams, )

1990; Rattigan and Stitt, 1990; Harben and
S Hle o el g pdl slaaigs (Kuzvart, 1997

Sl Col o LT oaisle olge aS pl 4 azg5 b Jg
(Guilbert and Park, 1997; ol o LS yoxe L
5 Sl seiw (F35ly—2 5 L3 Dill, 2010)
SIS (sl 45 il Slelss 5 35290 L
i slezd ol )0 Ll adatig g aiies poilis
39— poli 5l (8 sl SISt corge ol oo

sjmoghad@pnu.ac.ir :oLsl5. ‘_jsgw*

doddo
bl 955,58 G L (s)ls] sloaiig 4y 5Dy ols
(Garnet and  a_sb ol i)l glyls a5 0gis s
5 Linlwyd slad s > Jsaxs la,w Bassett, 2005)
slaslas) 5l glasgoms 4ol )3 5 Wi 6 IS Cpm,
Ohsd L 090 o (b ) a5 wigd oo S5 (SSUS (s
Sl 5 Oy, b 4z ool aidlge BT cwlidines)
5 S T3l 5 953 LT lbals (Siw slaasy
o )y S35 50 o2 L Slojon b Irme joboty (olood
Garnet and Bassett, 2005; Patyk-Kara ) a ls cJlso
s o158 sl sl Luils LSzs bl (et al., 2001
SIS gy o> 50 HeSb Gl 5l S SlelS (0
o glate 6l sla,Luls iy (Robb, 2005) el



Sz 1y (Sn)) s = 28 Hloedl 0,5 5 o2
b 2 45 75 s radly gl Lty (1 JS8) was e
Sl a8 g b ailate Solet s LS|
Jl—is (5 s LS 35 jo (Tadayon and Azarm, 1983)
Ol 65l oz 0 b Bl 5l zed e el
BLasST olalhs 5o el oo @y limzrgh 5 ¢limnes
(Yazdi, adbic a8 3 &0 Loadi ded g Slodis
4l o i ylee p olytean YU S5 > 0,0 4> 2010)
(it ) b aS Cewl ouls By peuilins o3l S
8 e 85 el @ O] JSa3 ogoni 5 ouliisgne

255 5

05,5 ;o Zebl.(Dimanche and Bartholome, 1976)
O Sgu> pgate (yj9 s a5 8l sl K SleslS
bl jo ably 79205 pgsls Luls (Laznicka, 2006)
poeilind ool wiSlid 6y 23S (n et 5l (o OleyS
Slasst aihie o (Kowsari et al., 1987) coul ol o

s ladas olnl 8 sl ogill 3 3l 50 gy
O odla oogume )0 zaid jlopssliy  BliaSTosgasme
b 26° 30" sloo,e 5 5,9 60° 00" 5 59° 00" slelobo
5000 o Gy b adhaie cployls j18 Jles 27° 00’
Sy 99,5l SlewsS AL, (635 0 i 5o @i FegkS
9 Sl @ly luzsh 5 Gl (Ll 50 (b jgesl> JlogS

34°1

301

26"

200 km

Main Zagros Thrust

Zagros Fold-Thrust
Belt
Urumieh-Dokhtar
- magmatic arc
Other Masozoic
ophiolites
Late Cretaceous
Forearc Ophiolites

Maskutan

Semail
oot Gulf of Oman
"1 |

|
50°E

54° 58°

o ople Las o (Brbosiz 5o (i) (isSas =gatd (lsedl 0,5y (bl Cubsn 5 olnl slacalpedl (Suisly, s ] g
[((Shafaii Moghadam and Stern, 2011) ;| <55 L) Coul oads (ascine o

Fig. 1. Simplified distribution map of ophiolites in Iran and geographic situation of Fanuj-Maskutan (Rameshk)
ophiolite shown by solid red circle (modified after Shafaii Moghadam and Stern, 2011).
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Fig. 2. Situation of Upper Jogaz Valley area at Maskutan region (Fanuj), including the location of exploration
boreholes. Legend and the map details were adopted from 1:100000 geological map of Fanuj (Arshadi and Mahdavi,

1987).
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Fig. 3. Situation of A and B exploration areas and drilled boreholes in streambed of the Upper Jogaz Valley river in
Fanuj area. kper5/6 is olivine- and hornblende- gabbro, and kpedb is dolerite.

aly 5 (O) (osell 5 (CPX) (S s rpialS {PI) 535 52530 By505005 sloysle B sid aihate gl slog o8 jo bl il A 4 U
D 5 zod adlate Gl (slog plS )0 ouds (S yo (o) G 2N 5 (S 55m50lS By50505 5loysk 1C zsid adlate (95 (s
et bl o5 D (558 555 50 psloas dan) ol dilais 915 w1y 10 (Q2) (535,155 4z a8, 5 (TF) e idse 5 (oS gy silS

.(.\3‘0;\.&
Fig. 4. A: Cumulate texture in the layered gabbros of Fanuj area, B: xenomorph crystals of plagioclase (PI),
clinopyroxene (Cpx) and olivine (Ol) in the olivine gabbro unit, C: xenomorph crystals of clinopyroxene and argilized-

and sericitized- plagioclase in the layered gabbro unit, and D: tremolitized clinopyroxene (Tr) and quartz veinlet (Qz) in
the gabbroic unit of Fanuj area (all photomicrographs are taken in cross polarized transmitted light, XPL).
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Fig. 5. llmenite (IIm) and millerite (Mlr) intergrowth in the olivine gabbro source rock of the Fanuj area (plane

polarized reflected light, PPL).
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Fig. 6. View of a drilled borehole (TP-04) at the Upper Jogaz Valley area along with top layers of black sand.
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Fig. 7. Lithological columns of six selected drilled boreholes from Upper Jogaz Valley area showing the situation (gray

color horizones) and ore grades of titaniferous horizons. Location of exploration pits were indicated on figure 3.
Borehole numbers are displayed above the columns.
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Table 1. Properties of collected samples from drilled boreholes in the Upper Jogaz Valley area and average grade of
ilmenite and other Ti minerals in it. The result of geochemical analysis of heavy minerals from drilled boreholes in the
Upper Jogaz Valley area was measured by titration method (TiO, grade) in end columns.
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Fig. 8. Photomicrograph of ilmenite (1lm) grains from heavy part of the Upper Jogaz Valley titaniferous sediments. A:

angular to semi-rounded grains of ilmenite, and B: formation of hematite exsolution lamellae (Hem) in ilmenite ore
mineral (plane polarized reflected light, PPL).
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Fig. 10. Superficial thin black sand layers enriched in heavy mineral (ilmenits) at the Upper Jogaz Valley streambed,

which are probably formed by hydraulic entrainment process.
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Table 2. Comparison of titaniferous placer deposits between Upper Jogaz Valley area and Kahnouj region (this study
and Kowsari et al., 1987; Yazdi, 2010; Amadeh et al., 2000).

Criteria

Upper Jogaz Valley Ti placers

Kahnuj Ti placer

Geological setting

Source rock

Major source rock-forming
minerals

Number of titaniferous horizons
in exploration areas

Thickness of titaniferous
horizons

Thickness of placer deposits in
exploration areas

Ti minerals in placer
Other ore minerals

Average concentration of
ilmenite in placer deposit
Average content of TiO, in placer
deposit

Approximate extent of placer
deposit

Fore-arc ophiolites of Jazmurian basin

Hornblende- and olivine- gabbro
Plagioclase, olivine, clinopyroxene,
amphibole

2 to 3 horizons

0.3-1m

1-4m

IImenite, titanomagnetite, rutile, sphene
Magnetite, pentlandite, pyrite,
chalcopyrite, covelite, milerite, iron
3.7%

2.57%

0.8 km?

Fore-arc ophiolites of Jazmurian basin
Gabbro (mainly olivine gabbro)
Plagioclase, clinopyroxene, olivine

5 to 10 horizons

1-3m

2-10m

IImenite, titanomagnetite, rutile, sphene
Magnetite, pentlandite, pyrite, malachite,
iron oxide and hydroxide

5.3%

3.7%

3.2 km?
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Introduction

The Fanuj titaniferous placer deposits are located
35 km northwest of the Fanuj, Sistan and
Baluchestan province (1) . The studied area
comprises a (2) small part of the late Cretaceous
Fanuj-Maskutan (Rameshk) ophiolite complex
(Arshadi and Mahdavi, 1987). Reconnaissance
and comprehensive exploration programs in the
Fanuj district (East of the 1:100000 Fanuj
guadrangle map,Yazdi, 2010) revealed that the
Upper Jogaz Valley area has the highest
concentration of titaniferous placer deposits. In
this study, geology and formation of the
titaniferous placer deposits in Upper Jogaz Valley
area are discussed.

Materials and Methods

(3) Forty samples were collected from surface and
drainage sediments to evaluate the potential for
titaniferous  placers.  Mineralogical  studies
indicated the high Ti (ilmenite bearing) areas,
which led to detailed exploration by 29 shallow
drill holes and 9 trenches. A total of 61 sub-
surface samples were collected for heavy mineral
studies and ore grade determination.

The exploration studies suggest that the the Upper
Jogaz Valley area in the Fanuj district has a high
potential for titaniferous placer deposits.
Extensive exposures of black sands in the
sreambeds of this area suggested detailed
sampling, so that 12 holes were drilled (2-3 m
depth)from which 26 samples were collected, and
five trenches were excavated to 2-4 m depth (4).
The distribution of drill holes and trenches were
plotted with “Logplot” software for further
interpretation. Twenty-two samples from these
drill holes were analyzed for TiO,.
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Results

The  reconnaissance  and comprehensive
exploration in Fanuj district shows that the Upper
Jogaz Valley area has the highest concentration of
titaniferous placer deposits. The general geology
of the region and petrology and mineralogy of
collected samples suggest that the source rock of
the Upper Jogaz Valley titaniferous placers is the
hornblende- and olivine-gabbro unit of the Fanuj-
Ramesh ophiolites.

The Ti-rich sediment distribution in drill holes
and trenches indicates that the titaniferous placers
are distributed in an area of about 0.8 km® and
follow the Upper Jogaz river system. The
titaniferous placers are concentrated mainly in
three beds with thicknesses of 30 to 100 cm. The
study of heavy minerals shows that ilmenite is the
main ore mineral and titanomagnetite, rutile and
sphene are present as trace minerals. The ilmenite
concentration varies in the Upper Jogaz Valley
fluvial sediments, in which the concentration of
ilmenite generally increases away from source
rock to reach a maximum concentration
downstream.

The geological evidence indicates that the
titaniferous placers were deposited as a fluvial
placer and originated from weathering and erosion
of ilmenite-rich gabbros. The presence of low-
grade deposits and sparse heavy minerals in the
Upper Jogaz river coarse sediments is probably
related to hydraulic equilibrium (Robb, 2005).
Entrainment sorting created thin layers of heavy
minerals (i.e., ilmenite) on the Upper Jogaz
streambed. The occurrence of Ti-rich layers in
fine sand and silt beds is probably due to shear
sorting.

(5)The ophiolite sequence is well exposed in the
study area. This sequence is composed of
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cumulative peridotites, layered and massive
gabbros, diabasic sheeted dikes, basaltic pillow
lavas and pelagic sediments. The layered gabbros
were the main source of the ilmenite Ti
mineralization. The highest concentration of Ti
was observed in the eastern and northern parts of
Upper Jogaz Valley area, which are mainly
covered by olivine- and hornblende-gabbros (6).
The western part of the area is covered by an
unaltered diabase unit. The study of several
polished sections from the Upper Jogaz Valley
gabbros shows ilmenite as the main Ti-bearing
mineral with anhedral to subhedral crystals 5 to
400 microns in size.

The drill hole and trench data suggest that the
deposits follow the morphology of the present-day
Upper Jogaz river. The Ti placer beds
accumulated over an area of 0.8 km® with 2.3 %
and 5.06% ilmenite in Upper Jogaz Valley
upstream and downstream consequently.

The study of heavy minerals shows that ilmenite
is the main heavy mineral in the Upper Jogaz
Valley sediments with 120p to 3 mm, semi-
angular to rounded grains with weak sorting.
Titanomagnetite, rutile and sphene are present as
accessory minerals. Pentlandite, magnetite,
chalchopyrite and millerite are also observed as
intergrowths or inclusions in ilmenite.

Conclusions

The investigation of ilmenite concentration in
fluvial sediments of the Upper Jogaz deposit
represents a gradual increase of ilmenite
concentration away from the source rock.
Titanomagnetite, sphene and rutile have similar
enrichment patterns to ilmenite. This suggests that

all Ti-bearing minerals had a similar behavior in
the Upper Jogaz Valley fluvial system.

The geological and petrographic evidence
suggests that the origin of the Upper Jogaz Valley
placer is the weathering of the Ti-rich gabbros.
The higher concentration of ilmenite in the lower
part of the valley is probably caused by the lower
water energy and flow downstream. The
mechanisms of hydraulic sorting (Slingerland and
Smith, 1986), such as free settling of grains,
entrainment of grains from a granular bed load

by flowing water and shear sorting of grains in a
moving fluidized bed were important in the
enrichment of titaniferous placers in the
downstream sediments.
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